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Microencapsulation of Anthocyanin-rich Black Soybean Coat Extract 
by Spray Drying using Maltodextrin, Gum Arabic and Skimmed Milk 
Powder 
 
Black soybean coat is insufficiently valorised food production waste rich in 
anthocyanins. The goal of the study was to examine physicochemical properties of 
spray dried extract of black soybean coat in regard to carrier materials: maltodextrin, 
gum Arabic, and skimmed milk powder. Maltodextrin and gum Arabic-based 
microparticles were spherical and non-porous while skimmed milk powder-based were 
irregularly shaped. Low water activity of microparticles (0.31-033), good powders 
characteristics, high solubility (80.3-94.3%) and encapsulation yields (63.7-77.0%) 
were determined. All microparticles exhibited significant antioxidant capacity (243-386 
µmolTE/g), good colour stability after 3 months of storage and antimicrobial activity. 
High content of total anthocyanins, with cyanidin-3-glucoside as predominant, were 
achieved. In vitro release of anthocyanins from microparticles was sustained, 
particularly from gum Arabic-based. These findings suggest that proposed simple eco-
friendly extraction and microencapsulation procedures could serve as valuable tools for 
valorisation and conversion of black soybean coat into highly functional and stable food 
colourant. 
Keywords: black soybean coat, anthocyanin-rich extract, spray drying, 
microencapsulation, microparticles, colourant 
Introduction 
Valorisation of food processing waste and recovery of valuable bioactive 
compounds has attracted great attention in the recent years. Black soybean coats 
is one of the insufficiently used food waste with high antioxidant potential (Žilić 
et al. 2013) and health-promoting effects (Kim et al. 2008). Industrial and 
domestic processing of the soybean into various products for human and animal 
consumption has being increased. The production of the most of these products 
includes decoating and separating coats from the beans. Therefore, coat remains 










in poultry, hog and cattle feed), soy protein isolate, soy-flour, soy-milk, tofu, 
soy-akara, soymoi-moi, dadawa, soy-ogi etc (Agulanna et al. 2011). A main 
difference between yellow (standard) and black soybeans is in their anthocyanin 
and proanthocyanidin contents concentrated in the epidermal layer of the seed 
coat (Žilić et al. 2013). Anthocyanins have been investigated due to their ability 
to reduce the risk of different diseases like atherosclerosis, cancer, diabetes, 
ischemia, obesity and neurodegenerative disorders (Kim et al. 2008, Kim et al. 
2012). Anthocyanins as the most abundant group of pigments have found their 
application in food, pharmaceutics and cosmetics. From a commercial 
standpoint an attractive and stable colour is one of the most important sensorial 
properties of food products. Hence, anthocyanins could be used as natural 
colourants to improve both food colour and sensorial quality. However, one of 
the main problems related to processing and storage of anthocyanins is their 
sensitivity to various factors such as temperature, light, oxygen, pH, the 
presence of solvents and metal ions. Additionally, colour of food containing 
petunidin or malvidin aglycones is more stable than that of those rich in 
cyanidin, pelargonidin or delphinidin (von Elbe and Shwartz, 1996). The 
acylation of anthocyanins with organic acids improves colour stability (Li et al. 
2011). Recently, there are increasing demands in food industry for colourants of 
plant origin that have both colouring and health-benefit properties. Contrary to 
the artificial additives, natural colorants such as anthocyanins have been 
investigated due to their ability to reduce the risk of different diseases like 
atherosclerosis, cancer, diabetes, ischemia, obesity and neurodegenerative 
disorders (Kim et al. 2008, Kim et al. 2012). In general, one of the most suitable 










process. Hence, the encapsulation could be an effective solution for 
anthocyanins protection and stability improvement, as well as their incorporation 
into foods. 
Among the numerous techniques, spray drying was found to be promising tool 
for protection of bioactive compounds such as anthocyanins from food 
processing waste via encapsulation (de Souza et al. 2015, Diaz et al. 2015, 
Laokuldilok and Kanha 2015, 2016).  
The main advantages of spray drying over the other encapsulation techniques are 
simplicity, continuity, cost- and time-effectivness, availability and applicability, 
even for the drying of sensitive compounds since the atomization of the liquid 
mixture lasts extremely shortly. However, spray drying do not provides uniform 
conditions into drying chamber and easy control of particle size, as well as 
drying of highly viscous solutions (Nedović et al. 2013, Belščak-Cvitanović et 
al. 2015). 
Maltodextrin (MD) and gum Arabic (GA) have been frequently used as carrier 
materials for microencapsulation of different juices, infusions extracts and 
various functional byproducts via spray drying (de Souza et al. 2015, Santiago-
Adame et al. 2015, Laokuldilok and Kanha 2015, 2016 Cano-Chauca et al. 
2005, Belščak-Cvitanović et al. 2015, Diaz et al. 2015, Daza et al. 2016). 
Skimmed milk powder (SMP) provides very high yield of encapsulates, non-
stick properties, high encapsulation efficiency, and it is very convenient for 
application as a cheap and easily accessible material (Bylaitë et al. 2001 
Shamaei et al. 2016). Besides, as a source of protein, lactose, vitamins and 










2005). However, it has been rarely reported about SMP as a carrier for 
anthocyanin-rich materials.  
To the best of our knowledge, this is the first report on the microencapsulation 
of black soybean coat extract. Therefore, the objective of this study was to 
investigate possibility of utilization of black soybean coat, as a byproduct and 
source of bioactives, via microencapsulation; and to investigate the influence of 
different encapsulating materials of natural origin on functionality of the 
obtained microparticles as potential food colourants. 
Material and Methods 
Material 
The Black Tokyo, soybean genotype (with black seed coat) used in this study 
was grown at the location of the Maize Research Institute Zemun Polje 
(MRIZP). The whole black soybeans were separated into seed coats and 
dehulled beans. The separated seed coats were finely ground on a Perten 120 lab 
mill (Perten, Sweden) to fine powder (particle size < 500 μm) and stored at -70 
°C. 
MD with dextrose equivalent (DE = 16 - 19.9) produced by Cargill was kindly 
provided from Palco (Serbia). GA was purchased from Himedia (India), as well 
as Müeller Hinton Broth/Agar. SMP was generously donated by dairy Subotička 
mlekara (Serbia). Tryptone Soy Broth/Agar was purchased from Oxoid, 
(Hampshire, UK). All other chemicals used for the experimental procedures 











Preparation of Black Soybean Coat Extract 
Milled black coat was extracted with ethanol 70% (v/v) acidified with citric 
acid, 1% (m/v) during the period of two hours. The samples were extracted in 
the ratio 1:40 (m/v) at ambient temperature by shaking (150 rev/min) with the 
application of ultrasound (40 kHz, 10 minutes/h). Afterward, the ethanol was 
removed using a vacuum evaporator at 40 
o
C. Extracts were diluted by distilled 
water to adjust previous volume. 
Preparation of Feed Mixtures for Spray Drying 
The feed mixtures were prepared by mixing the soybean coat extract (SCE) (100 
mL) with the carriers (7.5 g). The homogenisation of the mixtures was carried 
out at ambient temperature for approximately 15 minutes. 
Encapsulation by Spray Drying 
Encapsulation was carried out using a Büchi mini B-290 spray dryer (Büchi 
Labortechnik AG, Switzerland) equipped with the standard 0.7 mm diameter 
nozzle. The inlet and outlet temperatures were 140 °C and 70 ± 2 °C, 
respectively. The air flow rate, rate of liquid feed, atomization pressure were 600 
L/h, 8 mL/min, and 0.55 bar, respectively.  
Physical and Chemical Characterization of Spray Dried Microparticles 
Microparticles Morphology and Size Distribution 
Scanning electronic microscopy (SEM) analysis was performed using a JEOL 
JSM 6390LV microscope (Japan). The samples were attached to stubs using a 
two-sided adhesive tape, and sputter coated with gold (50 nm) for 100 seconds at 










with a magnification of 2000. The microparticle size was analyzed from SEM 
micrographs using ImageJ analysis software. The particle diameter for each 
formulation was calculated as the average value of the diameter of 100 spray 
dried microparticles. The span was chosen to describe the particle size 
distribution (PSD) width expressed by:  
(d(v0,9) – d(v0,1))/d(v0,5),  
where d(v, 90), d(v, 50), and d(v, 10) are diameters at 90, 50 and 10 % of cumulative 
volume, respectively. In other words, (d(v, 90)– d(v, 10)) is the range of the data and 
d(v, 50) is the median diameter. 
Flow properties of Microparticles  
Bulk and tapped density of the samples were determined following the method 
described in The European Pharmacopeia (Ph. Eur 8.0, 2014; 2.9.34)  
Tapped volume was determined by mechanical tapping of a graduated glass 
cylinder placed on a STAV 2003 volumeter (Gemini B.V. Apeldoorn, 
Netherlands).  
Microparticles compressibility was estimated by calculating and comparing 
values of compressibility index (CI) and Hausner ratio (HR). CI and HR depend 
on a difference between bulk volume and final tapped volume of the 
microparticles, and according to Ph. Eur. 8.0 (2014), can be used as a measure of 
the propensity of a material to be compressed. 
Solubility, Moisture Content and Water Activity of Microparticles  
The microparticles (0.5 g) were dissolved in 50 mL of distilled water and 
continuously stirred for 30 min at 150 rpm followed by centrifugation at 5000 












constant weight. The dried weight of soluble solid was measured and used to 
calculate the solubility as a percentage. 
The moisture content of the spray dried microparticles was determined by the 
oven drying method. Samples of the microparticles with predefined mass were 
placed in a drying oven heated at 105 °C and weighed until constant mass. The 
product moisture content was determined from the weight loss. 
Water activity (aw) of microparticles was determined by using a water activity 
meter (Testo 650 Water Activity System, Cole-Parmer, USA). 
Fourier Transform Infrared Spectroscopy (FTIR) and Differential Scanning 
Calorimetry (DSC) Analysis 
ATR-FTIR analysis of samples was performed with an IRAffinity-1 FTIR 
spectrophotometer (Schimadzu, Japan). The range was from 4000 to 600 cm
−1
, 
while the resolution was 4 cm
−1
. 
The differential scanning calorimetry (DSC) experiments were performed using 
a DSC 1 instrument (Mettler-Toledo, Switzerland). Analyses were performed 
from 25 and 300 °C, at a heating rate of 10 °C/min under constant nitrogen 
purge of 50 mL/min. The empty sealed pan was used as a reference. 
Colour Measurements 
The colour of samples was directly measured with Chroma Meter CR-400 
(Konica Minolta, Japan), using attachment for liquid (CM-A98) and granular 
materials (CR-A50). CIE Lab parameters: L* (lightness), a* 
(redness/greenness), b* (yellowness/blueness), C* (chroma), h° (hue angle), and 
dominant wavelength were read using a D65 light source. The total colour 











The Total Phenolic Content (TPC) 
The total phenolic content was determined by the Folin-Ciocalteu assay as 
described by Singleton and Rossi (1965) and expressed as microgram of gallic 
acid equivalent (GAE) per gram of microparticles (µg GAE/g).  
The Total Monomeric Anthocyanin Content (TAC) 
The total monomeric anthocyanin content was determined by a pH differential 
method (Lee et al. 2005). The concentration was expressed as microgram of 
cyanidin-3-glucoside equivalents per gram of microparticles (µg CGE/g).  
Content of Individual Anthocyanins 
Anthocyanins for chromatographic analyses were extracted from microparticles 
dissolved in the water using methanol acidified with 1 M HCl (85:15, v/v). 
The HPLC analyses were carried out with an HPLC-DAD system (Thermo 
Scientific Ultimate 3000). Chromatograms were obtained at 530 nm after 
injection of 10 μL of sample. Separation was performed on a Thermo Scientific 
Hypersil GOLD aQ C18 column (150 mm × 4.6 mm, particule size 3 µm) using 
a linear gradient elution program with a mobile phase containing solvent A 
(formic acid/H2O, 1:99, v/v), and solvent B (formic acid/acetonitrile, 1:99, v/v) 
at a flow rate of 0.7 mL/min and column oven temperature of 30 
o
C. The 
following gradient was established: linear gradient elution from 10% B to 30% 
B, 0-30 min; linear gradient elution from 30% B to 100% B, 30-35 min; isocratic 
elution of 100% B, 35-38 min; linear gradient elution from 100% B to 10% B, 
38-40 min; isocratic elution of 10% B, 40-45 min. Pure anthocyanin compounds 
such as cyanidin 3-glucoside (Cy-3-Glu), pelargonidin 3-glucoside (Pg-3-Glu), 










petunidin 3-glucoside (Pt-3-Glu) and malvidin 3-glucoside (Mal-3-Glu) were 
used as standards. Data were processed using the Thermo Scientific Dionex 
Chromeleon 7.2. chromatographic software. The results were expressed as 
microgram per gram of microparticles (µg/g). 
Yield of Microencapsulation Process 
The process yield was calculated from equation shown below, as the ratio of the 
total dry weight of the microparticles obtained (W2) and the dry weight of the 
material in its own feed mixture (W1). The process yield was expressed as a 
percentage (%).  
Yield (%) = (W2 / W1) x 100  
In vitro Release of Anthocyanins from Microparticles 
The release of anthocyanins from microparticles was performed using a CE7 
Smart flow-through cell dissolution apparatus (Sotax, USA) in the open loop 
configuration under a constant medium flow rate at 1 mL/min for 2 h at 37 °C. 
The release studies were performed in distilled water and in the media 
simulating pH conditions in different parts of gastrointestinal tract: 0.1M HCl 
solution (simulated gastric fluid (SGF), pH 1.2) and USP phosphate buffers 
(simulated small intestinal fluid (SIF), pH 6.8, and simulated colonic fluid 
(SCF), pH 7.4) (Čalija et al. 2013). At scheduled time intervals, samples were 
withdrawn, filtered and assayed spectrophotometrically by described pH 
differential method. The average percentage of released anthocyanins was 










Analysis of the Total Antioxidant Capacity 
Total antioxidant capacity was determined by QUENCHER method described 
by Serpen et al. (2008) using ABTS (2,2-azino-bis/3-ethil-benothiazoline-6-
sulfonic acid) reagent. The total antioxidant capacity was expressed as Trolox 
equivalent antioxidant capacity (TEAC) in micromol of Trolox equivalent per 
gram of microparticles (µmol TE/g). 
Antimicrobial Assay 
For antibacterial activity assay, Gram-positive (Bacillus spizizeni ATCC 6633, 
Staphylococcus aureus ATCC 25923 and Listeria monocytogenes ATCC 19111) 
and Gram-negative strains (Pseudomonas aeruginosa ATCC 27853, Escherichia 
coli O157:H7 ATCC 35150, Salmonella enteritidis ATCC 13076 and Yersinia 
enterocolitica ATCC 27729) were used. The cultivation medium for L. 
monocytogenes and E. coli O157:H7 was Tryptone Soy Broth/Agar and for 
others it was Müeller Hinton Broth/Agar. Overnight culture grown aerobically 




 CFU/mL (Duvnjak 
et al. 2016). 
The minimal inhibitory concentrations (MIC) of microparticles were determined 
by broth microdilution method. All samples were evaluated at the concentrations 
ranging from 4.7 mg to 300 mg/mL. As an indicator of cell growth resazurin 
sodium salt (6.75 mg/mL) was used. The MIC and minimum microbicidal 
concentration (MBC) were defined according to method described by Duvnjak 











The analytical data were reported as mean ± standard deviation of the minimum 
three independent repetitions per analysis. The experimental data were subjected 
to a One-way analysis of variance (ANOVA) and Tuckey’s test was used to 
detect difference (p ≤ 0.05) between the mean values. Statistical analyses were 
performed with the statistical program STATISTICA 12 (Data Analysis 
Software System, Stat-Soft, Inc., USA).  
Results and Discussion 
Morphology and Physical Properties of Microparticles 
As shown in Fig. 1, microparticles were poly-dispersed in size, regardless of the 
carrier material, with average diameters below 10 µm.  
SEM analysis has shown well-formed spherical, non-porous and smooth 
surfaced MD-based microparticles with wide diameter distribution (3.6 ± 2.6 
µm, Fig. 1a). 
The acceptable, but not ideal spherical shape of SCE/GA microparticles with 
average diameter of 3.4 ± 2.8 µm could be ascribed to the gum characteristics 
(Fig. 1b).  
[Fig.1 near here] 
The SMP-based microparticles sized 2.8 ± 1.6 µm have had collapsed forms 
(Fig. 1c), which are typical for spray dried particles, due to rapid drying. Same 
forms of microparticles were noticed after spray drying of walnut oil with SMP 
at 140 
o
C (Shamaei et al. 2016), and could be ascribed to the presence of lactose 
and casein in the carrier material. Such problems for spray dried SMP powders 
could be attributed to the effect of conditions of atomization and drying on 










width for microparticles was calculated as span values (Table 1). The range of 
the span values was between 1.57 ± 0.06 and 4.90 ± 0.18. The PSD is an 
important parameter in food powders since it directly affects other physical 
properties of the product. The correlations between the PSD values and the CI 
and HR values of microparticles were extremely high (R=0.97 in both cases).  
The comparison of MD, GA and SMP-based microparticles bulk and tapped 
density, CI and HR, water activity, solubility and yield are given in the Table 1.  
[Table 1 near here] 
Solubility, as the ability of powders to form solution in the water is an important 
physicochemical property that influences powder’s functional characteristics in 
food systems. High solubility of all samples has been found in following order: 
SCE/SMP<SCE/GA<SCE/MD. Similarly, the solubility over 90% has been 
reported for fruit extracts spray dried with MD and GA (Cano-Chauca et al. 
2005; Daza et al. 2016). The solubility values for MD- and GA- based 
microparticles were expected, since those materials are widely used as carrier in 
spray drying processes due to theirs high solubility. However, the results for 
SMP-based microparticles proved that this material is also a good carrier. As 
previously reported, solubility values increase with addition of carrier (Daza et 
al. 2016). 
Water activity is an important factor controlling processability, handling 
properties and stability of spray dried microparticles and powders, in general. 
The water activity of obtained microparticles was low (~0 .3) suggesting that 
they could be stored for prolonged period of time, without significant risk of 
microbiological spoilage. Beside microbiological stability, stickiness and caking 










amorphous carbohydrates, such as lactose in SMP. Also, the nonenzymatic 
browning reaction is substantially accelerated by an increase in water activity 
following crystallisation of amorphous lactose in dairy powders. For mentioned 
problems most of authors consider aw around 0.4 as critical (Roos, 2002; Maltini 
et al. 2003). 
The moisture contents of microparticles are shown in the Table 1. Low moisture 
contents such here presented could prevent the agglomeration of microparticles 
avoiding the caking phenomena, and consequently decrease retention of actives, 
dispersion and/or powder flowability (Daza et al. 2016). However, in the most 
applications of food processing and storage, the choice of aw values as the 
reference parameter rather than moisture content is based on a numerous 
important effects (aw is related to growth of microorganisms, chemical, 
enzymatic, and physical degradation reactions, as well as easier and non-
destructive measurements).  
According to CI and HR values, obtained microparticles could be defined as 
powders with fair, passable and poor flow characteristics for SCE/SMP, 
SCE/MD, andSCE/GA microparticles, respectively. 
The results of MD-based microparticles yield are in high correlation with yields 
of spray dried anthocyanin-rich extract with MD reported by Laokuldilok and 
Kanha (2015). GA-based microparticles showed similar results to those reported 
by Fazaeli et al. (2012) about spray dried black mulberry juice with same carrier 
material. The highest yield was achieved for SMP-based microparticles. Similar 
results have been reported in the study comparing milk protein based 










Regarding powder properties and microparticles yield, SMP was found as 
promising carrier material for anthocyanins microencapsulation. 
FTIR and DSC analysis 
The chemical properties and interactions between microparticles compounds 





 and 1517 cm
-1





 in the spectrum of SCE (Fig. 2a) could be associated with 
extracted polyphenols described by Arancibia-Avila et al. (2012) and Pereira Jr. 
et al. (2015). The other prominent bands are at ~3300 cm
-1
 (OH groups) and 
2927 cm
-1
 (C-H stretching band). 
[Fig.2 near here] 
The FTIR spectra of the carriers (Fig. 2) showed several characteristic bands 
related to structure and chemical groups present in these materials. All three 
carrier materials exhibited broad and strong bands around 3300 cm
-1 
due to OH 
vibrations, as well as bands at ~2900 cm
-1
 from C-H bond stretching vibration 
(Espinosa-Andrews et al. 2010, Nicolaou et al. 2010, de Souza et al. 2015), 
while the bands in the spectra of MD and GA are characteristic for 
carbohydrates (around 1000 cm
-1
), which are in good agreement with literature 
data (Espinosa-Andrews et al. 2010, de Souza et al. 2015). In the FTIR spectrum 
of SMP (Fig. 2f) the bands associated with amide I (~1650 cm
-1
) and amide II 
(~1540cm
-1
) (due to protein presence), as well as lactose (around 1000 cm
-1
) 
were also reported earlier (Nicolaou et al. 2010). 
The FTIR spectra of SCE/MD and SCE/GA microparticles (Fig. 2c,e) showed 
bands originating from the carrier materials and SCE compounds. The only 










where instead of the bands from amide I and amide II of milk proteins, the new 
broad band at 1620 cm
-1
 could be observed, indicating possible interactions 
between extracted polyphenols and milk proteins. The interactions between milk 
proteins and polyphenols have been studied recently (Hasni et al. 2011). These 
chemical interactions could provide some additional information about stability 
of polyphenols encapsulated into microparticles (see below). 
DSC study of SCE, carriers (MD, GA, SMP) and microparticles was performed 
to investigate possible interactions between individual components and thermal 
stability of the microparticles (Fig. 3).  
Non-encapsulated SCE showed a broad endothermic event with peak around 100 
°C, most probably due to water loss and almost absence of significant 
exothermic effects up to 300 °C (Fig. 3), indicating satisfactory thermal stability 
of extracted compounds. As can be seen in Fig. 3, SCE maintained thermal 
stability upon microencapsulation, showing no significant exothermic event 
below 250 °C.  
[Fig.3 near here] 
All the three carrier materials are characterized with broad endothermic peaks 
around 100 °C. While MD and GA exhibited endothermic maxima at 106 °C 
and 112 °C, respectively, due to water loss (Sousdaleff et al. 2013), the 
endothermic peak for SMP occurred at lower temperature (88 °C). Differences 
in position and intensities of these endothermic peaks could be ascribed to 
different water content and sample affinity for water molecules. Further 
temperature increase led to the second endothermic event in MD and GA 
thermograms, followed by exothermic effects above 250 °C due to melting and 









thermograms of MD and GA showed exothermic processes connected to melting 
and subsequent degradation of these compounds (Klein et al. 2015). The SMP 
also exhibited satisfactory thermal stability, a necessary property for carriers 
exposed to high process temperatures.  
The endothermic peaks of MD and GA-based microparticles were 
insignificantly shifted to the lower temperatures (Fig. 3a,b). Contrary to those 
two samples, slight shift of this peak toward higher temperatures suggests faintly 
higher thermal stability of SMP-based microparticles. Due to complex chemical 
structure of SMP, it is not easy to detect and identify all thermal processes 
during analysis of SMP-based microparticles. The main reason could be thermal 
transformations of milk proteins during spray drying that could lead to changes 
in the proteins structure and their thermal properties (Pugliese et al. 2016). 
Nevertheless, all of these potential proteins structural changes had no effect on 
SMP as a carrier, which provided microparticles with satisfactory physical 
properties, as previously discussed. The FTIR and DSC analyses showed that 
obtained microparticles are chemically and thermally stable systems for 
encapsulation of soybean coat polyphenols. No strong interactions between 
carriers and SCE that could undermine the encapsulation efficiency and stability 
of polyphenols were observed. Moreover, improvement of functional and 
technological properties of microparticles (e.g. the smallest diameter, the highest 
anthocyanin content, the highest yield etc) could be related to the possible 











As the most important characteristics of the majority of food products, the 
colour plays a very significant role in the acceptability since it is first judged by 
consumers of food products.  
Hence, the preservation of anthocyanins colour properties during storage is 
critical for potential application of these compounds as natural colourants. The 
results of chromatic parameters measurements are presented in Table 2.  
[Table 2 near here] 
The initial extract had the lowest value for L*, which was expected for the liquid 
sample. Based on the parameters a*, b* and hue angle, it can be concluded that 
colours of the carrier materials were varied from purely white to light yellow, 
while SCE microparticles were light red (originating from SCE) with certain 
proportion of yellowness. The colour of microparticles significantly differs from 
those of carriers and SCE (Table 2). The hue angle (3.80–13.53) of all the 
microparticles exhibited generally the red colour, with values lower than for 
SCE. After microencapsulation all L*, a*, and C* values of microparticles were 
significantly higher in comparison with extract (SCE) and it is conducted with 
their different forms (liquid and solid). However, the values for all colour 
parameters among microparticles based on same carrier were no statistically 
different (*p<0.05) after the storage period.  
Among all microparticles SCE/MD had the lowest value for lightness (L*) and 
the highest values for a* and C*, which indicates that this sample was the 
darkest with the highest proportion of red colour. Similar results for C*and h
o
 
values were reported for spray dried black glutinous rice anthocyanins 
microparticled with various maltodextrins with explanation that the increase of 










Kanha 2016). The initial and the final values (t=0 days and t=90 days) of the 
microparticles show that the GA as carrier gave higher lightness values 
compared with the MD and SMP. Table 2 shows that storage period have not 
affected the colour change at the ambient storage temperature. However, the 
yellowness increased in all sample and storage condition (Table 2). This implied 
that the colour of powders has become darker in comparison with control or 
nonencapsulated samples and the powders tend to become brownish because of 
the increase in yellowness. It was found that during storage the changes of a* 
and b* of all sample were in the range of approximately 1 unit differences. This 
indicated only minor changes of the microparticles shade and colour and the 
minor, but still detected changes of redness might be caused by the degradation 
of anthocyanins during storage (Idham et al. 2012). The total colour change was 
the highest for SCE/SMP microparticles (2.64), and the smallest for SCE/GA 
microparticles (0.56). Since the colour is one the most important critical quality 
attributes for food products, all the microparticles were tested on colour stability. 
All samples showed high colour stability which is preferable property of 
microparticles and could be the basis for their potential applications as food 
additives (i.e. natural colourants).  
Total Polyphenol, Total and Individual Anthocyanin Contents of Microparticles 
According to results presented in Table 3, the microparticles showed a variety of 
the total phenolic and anthocyanins contents.  
 
[Table 3 near here] 










Cy-3-Glu was predominantly present among other detected anthocyanins (Pg-3-
Glu and De-3-Glu), and accounted for over 90% of the total.  
GA-based showed the highest TPC and the lowest TAC. These results could be 
related to stabilizing and emulsifying effects of GA on microencapsulation of 
some phenolic compounds, but also to dissolution of this carrier in different pH 
mediums used for analysis of TPC and TAC. MD shows easier dissolution in 
broad pH range of solvents, so there is a good correlation in case of 
microparticles based on this material. 
In general, β-Casein as a component of SMP forms stronger complexes with 
polyphenols than α-casein, due to more hydrophobic nature. Since that, 
polyphenol–casein interactions are more hydrophobic than hydrophilic (Hasni et 
al. 2011). The casein structural changes could be a main factor in the effect of 
SMP on the TPC, TAC and antioxidant activity of SMP-based microparticles. 
SMP-based microparticles showed the highest contents of anthocyanins, 
possibly due to very efficient extraction by acidified solvents. Namely, the 
interactions between anthocyanins and protein involve hydrophobic effects and 
hydrogen bonds which are generally reversible and strongly dependent on pH 
(Jing and Gusti 2005). One group of researchers recently reported that  
the casein proteins interacted with anthocyanins, such as malvidin-3-glucoside 
from grape, by hydrogen bonding and hydrophobic reaction forming complexes 
and effectively protecting the anthocyanins from degradation, improving their 
thermal, oxidation and photo stability (He et al. 2016). 
In vitro Release of Anthocyanins from Microparticles 
The dissolution/release profiles of total anthocyanin content (TAC) from the 










The dissolution tests were performed in the gastric, small intestine and colonic 
fluids to simulate pH conditions in gastrointestinal tract. MD-based 
microparticles showed release profile similar to those reported previously for 
MD-based carriers at pH 6 (Santiago-Adame et al. 2015). In SGF (Fig. 4b) 
SCE/SMP microparticles showed the rapid release of anthocyanins similarly to 
SCE/MD microparticles. The rapid release of TAC from MD-based 
microparticles could be ascribed to the high water solubility of MD. In contrast, 
GA-based microparticles exhibited slow release with less than 50% of TAC 
released for 2 h of experiment. It could be attributed to the gum properties since 
gums as the carriers provide the most favorable dissolution/release pattern 
(Belščak-Cvitanović et al. 2015). 
[Fig.4 near here] 
Release rates of the anthocyanins from spray dried powders in SIF (Fig. 4c) in 
the first 60 minutes were quite various (36-78%), with the slowest release from 
SCE/SMP microparticles during second hour. 
Since GA enabled a prolonged (i.e. the slowest) release of TAC in the water, 
similarly as in SGF and SCF (Fig. 4d), it can be concluded that GA as the carrier 
provides the most suitable release pattern from the microparticles. Additionally, 
the lowest concentration of anthocyanins in the GA-based microparticles (Table 
3) could be explained with a prolonged release and an incomplete extraction by 
the acidified solvents.  
Total Antioxidant Capacity of Microparticles 
Antioxidant capacity assay was performed on the investigated carrier materials 
and microparticles (Fig 5). The carrier materials showed various antioxidant 










potential of SCE/MD, which is in agreement with results of Gil et al. (2014), 
where MD also showed the lowest TEAC value among other carriers used for 
spray drying.  
[Fig.5 near here] 
The highest antioxidant capacity among carriers was observed in SMP due to 
well known antioxidant capacity of milk and caseins (Sharma et al. 2008). 
Results for GA and SMP could be ascribed to the antioxidant capacity of 
malanoidins, formed by Maillard reaction from sugars and proteins (as 
components in carriers) at high temperatures during spray drying process (Wang 
et al. 2011).  
The total antioxidant capacities of the MD-, GA- and SMP-based microparticles 
were 388.6, 5.6, and 4.0 times higher in comparison with corresponding carriers, 
respectively. This indicates that even the carrier materials must be analyzed in 
order to establish the exact contribution of each microparticles constitutes in the 
total antioxidant capacity values. 
In MD-based microparticles antioxidant capacity could be ascribed to 
anthocyanins and other phenols from SCE. Generally, the higher inlet 
temperature causes thermal degradation of anthocyanins, and thus the lower 
radical scavenging activity (Laokudilok and Kanha 2016). SCE/GA has shown 
the highest antioxidant capacity among all the investigated microparticles, due to 
presence of both, phenolic compounds from SCE, and melanoidins (Žilić et al. 
2016). 
In case of this sample and SMP-based microparticles, the significant influence 










addition of milk increases and stabilize the tea antioxidant capacity (Sharma et 
al. 2008). 
Antimicrobial Activity 
MIC and MBC assays demonstrated that analyzed samples exhibited different 
inhibitory effects.  
[Table 4 near here] 
Table 4 shows the antimicrobial activity of the spray dried SCE against seven 
bacteria. All the samples showed antimicrobial activity against B. spizizeni, in 
the same minimal inhibition concentrations (4.7 mg/mL). In case of SCE/GA 
and SCE/SMP, twice higher concentrations inhibited L. monocytogenes and Y. 
enterocolitica growth. These concentrations were about 15 to 30 times lower 
than those that inhibited S. enteritidis and P. aeriginosa. These results, as well as 
absence of inhibition, like in case of E. coli could be attributed to the presence of 
the second lipid bilayer system in the membrane of Gram-negative bacteria 
which obstructs the penetration of antimicrobial agents.  
However, while in some cases low concentrations are needed to achieve a 
bactericidal effect, for some bacteria concentration higher than 300 mg/mL 
should be applied. Only SCE/GA microparticles showed effect against all used 
bacteria which is in agreement with the obtained values of total antioxidant 
capacities.  
Conclusions 
The results confirmed spray drying at 140 °C with MD, GA and SMP as an 
efficient technique to produce anthocyanin-rich powders with good physical 










obtained dissolution/release profiles indicated prolonged release of anthocyanins 
in different pH conditions, achieved primarily using GA. MD-based 
microparticles showed the fastest and complete release in water, which can be 
even suitable for some applications. All the microparticles showed strong 
bactericidal effect against B. spizizeni, while the strongest inhibition effect, in 
general, showed GA-based microparticles. This sample had the highest 
antioxidant potential, also. 
All investigated microparticles exhibited significantly high colour stability 
during 90 days long storage period at ambient temperature, which is preferable 
property and could represent the basis for their potential applications as food 
additives (i.e. natural colourants). 
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Table 1. Physical properties of soybean coat extract microparticles with maltodextrin, 













































































































































SCE/MD – soybean coat extract/maltodextrin; SCE/GA - soybean coat extract/gum 
Arabic, SCE/SMP - soybean coat extract/skimmed milk powder; BD- bulk 
density; TD- tapped density; CI- compressibility index; HR- Hausner ratio; aw – 
water activity; MC- moisture content; S – solubility; d – mean microparticles 
diameter; PSD – particle size distribution (SPAN), Y – yield. Values are shown 
as means ± SD (n=3). Different letters within columns indicate a significant 











Table 2. Colour parameters (CIELab) of the soybean coat extract, carrier materials and 
the spray dried microparticles 
Sample L*(D65) a*(D65) b*(D65) C*(D65) h(D65) DWL(D65) 
SCE 21.70 ± 0.01
a
 25.63 ± 0.01
a
 7.19 ± 0.01
a
 26.62 ± 0.05
a
 15.67 ± 0.16
a
 665.8 ± 6.7
a,e
 
MD 95.14 ± 0.11
b
 -1.19 ± 0.01
b
 1.33 ± 0.01
b
 1.78 ± 0.01
b
 131.91 ± 0.13
b
 560.5 ± 0.1
b,d
 
SCE/MD0 64.42 ± 1.08
c
 37.87 ± 0.18
c
 5.53 ± 0.21
c
 38.27 ± 0.21
c
 8.30 ± 0.27
c
 494.7 ± 0.1
c
 
SCE/MD90 64.86 ± 0.59
c
 36.19 ± 0.39
c,d
 5.20 ± 0.23
c
 36.57  ± 0.42
c





GA 85.38 ± 0.10
e
 1.19 ± 0.01
e
 9.88 ± 0.04
d
 9.95 ± 0.04
d
 83.16 ± 0.02
d
 578.0 ± 0.0
b,d,f
 
SCE/GA0 68.83 ± 0.01
d
 28.82 ± 0.03
f
 6.93 ± 0.02
a
 29.64 ± 0.03
e
 13.53 ± 0.05
e
 611.5 ± 58.8
d,e,f
 
SCE/GA90 68.34 ± 0.00
d
 28.78 ± 0.04
f
 7.19 ± 0.01
a
 29.67 ± 0.03
e
 14.03 ± 0.06
e
 654.9 ± 1.2
a,e,f
 
SMP 94.87 ± 0.01
b
 -3.09 ± 0.01
b
 10.78 ± 0.01
e
 11.22 ± 0.01
d
 106.02 ± 0.02
f
 571.5 ± 0.0
d
 
SCE/SMP0 64.71 ± 0.02
c
 34.15 ± 0.03
d,g
 2.30 ± 0.02
f
 34.23 ± 0.03
f
 3.80 ± 0.03
g
 496.1 ± 0.0
c
 
SCE/SMP90 67.25 ± 0.01
c,d
 33.49  ± 0.03
g
 1.98 ± 0.02
b,f




 496.3 ± 0.0
c
 
SCE– soybean coat extract; MD-maltodextrin; SCE/MD – soybean coat 
extract/maltodextrin; GA- gum Arabic; SCE/GA - soybean coat extract/gum 
Arabic, SMP - skimmed milk powder; SCE/SMP - soybean coat 
extract/skimmed milk powder; 0-before storage (0 days); 90 - after storage (90 
days); L* - lightness; a* - redness/greenness; b* - yellowness/blueness; C* - 
chroma; h° - hue angle; DWL - Dominant wave length; Values are shown as 
means ± SD (n=3). Different letters within columns indicate a significant 











Table 3. The content of total phenolic content, total anthocyanin content and individual 
anthocyanin content of spray dried microparticles 
 SCE/MD SCE/GA SCE/SMP 
TPC (µg GAE/g) 7521.6 ± 170.0 9660.0 ± 320.1 6225.0 ± 195.5 
TAC (µg CGE/g) 1780.7 ± 40.0 1591.0 ± 63.5 1923.0 ±39.3 
Cy-3-Glu (µg/g) 1620.8 ± 19.5 1355.0 ± 25.6 1708.0 ± 32.8 
Pg-3-Glu (µg/g) 122.9 ± 11.5 188.8 ± 10.0 150.5 ± 18.3 
De-3-Glu (µg/g) 10.9 ± 2.0 nd
1
 11.5 ± 2.0 
SCE/MD – soybean coat extract/maltodextrin; SCE/GA - soybean coat extract/gum 
Arabic, SCE/SMP - soybean coat extract/skimmed milk powder;TPC – total 
phenolic content; TAC – total anthocyanin content; Cy-3-Glu – cyanidin-3-O-
glucoside; Pg-3-Glu – Pelargonidin-3- O-glucoside; De-3-Glu – Delphinidin-3-













Table 4. Minimum inhibitory concentration (mg/mL) and minimum bactericidal 
concentration (mg/mL) of soybean coat extract microparticles produced with 
maltodextrin, gum Arabic, skimmed milk powder 














B. spizizeni ATCC 6633 4.7 ± 0.0 9.4 ± 0.0 4.7 ± 0.0 9.4 ± 0.0 4.7 ± 0.0 9.4 ± 0.0 
L. monocytogenes ATCC 19111 nd
1
 nd 9.4 ± 0.0 18.8 ± 0.0 9.4 ± 0.0 18.8 ± 0.0 
S. aureus ATCC 25923 nd nd 150.0 ± 0.0 300.0 ± 0.0 300.0 ± 0.0 nd 
Y. enterocolitica ATCC 27729 nd nd 9.4 ± 0.0 18.8 ± 0.0 9.4 ± 0.0 18.8 ± 0.0 
E. coli 0157:H7 ATCC 35150 nd nd 37.5 ± 0.0 75.0 ± 0.0 nd nd 
S. enteritidis ATCC 13076 300.0 ± 0.0 nd 300.0 ± 0.0 nd 300.0 ± 0.0 nd 
P. aeriginosa ATCC 27853 150.0 ± 0.0 300.0 ± 0.0 150.0 ± 0.0 300.0 ± 0.0 300.0 ± 0.0 nd 
SCE/MD – soybean coat extract/maltodextrin; SCE/GA - soybean coat extract/gum 
Arabic, SCE/SMP - soybean coat extract/skimmed milk powder; MIC - 
Minimum inhibitory concentration; MBC - minimum bactericidal concentration. 
Data are expressed as mean ± SD (n = 3), nd
1











Fig. 1. SEM micrographs of soybean coat extract microparticles with maltodextrin 
(MD) (a), gum Arabic (GA) (b), and skimmed milk powder (SMP) (c) with 
corresponding size distribution histograms 
 
Fig. 2. FTIR spectra of soybean coat extract (SCE) (a), carrier materials: maltodextrin 
(b), gum Arabic (d), skimmed milk powder (f), and microencapsulated SCE in the 
carriers: SCE/MD (c), SCE/GA (e), SCE/SMP (g) 
 
Fig. 3. DSC thermograms of soybean coat extract (SCE), maltodextrin (MD), gum 
Arabic (GA), skimmed milk powder (SMP) and the corresponding spray dried 
microparticles (SCE/MD, SCE/GA, SCE/SMP) 
Fig. 4. Anthocyanins release profiles from microparticles of spray dried soybean coat 
extract in: distilled water (a), simulated gastric fluid (SGF) (b), simulated intestinal fluid 
(SIF) (c), and simulated colonic fluid (SCF) (d) 
 
Fig.5 Total antioxidant capacity of plane microparticles of maltodextrin (MD), gum 
Arabic (GA) and skimmed milk powder (SMP) and microencapsulated soybean coat 
extract with maltodextrin (SCE/MD), gum Arabic (SCE/GA) and skimmed milk powder 
(SCE/SMP) 
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